Characterization of novel marine sulfate-reducing bacteria resistant to RDX and other explosives
Romy Chakraborty!'-?, Natalia Ramos-Hernandez®, Ernie X. Perez?, Yoshihiro Katsuura!, Jil T. Geller!2, Arturo Massol-Deya® Terry C. Hazen'?

N 122

'Lawrence Berkeley National Laboratory, Berkeley, CA 2Virtual Institute for Microbial Stress and Survival, http://vimss.lbl.gov  3University of PuertoRico, Mayagiiez, PR

" RChakra @lbl.g
DOE GENOMICS:GTL

/-\ Years of Workd Clss o /\) Office of E PP .

(il Science : ; 2 ICHazen@lbLgov

Environmental Stress
Pathway Project

Amassol@gmail.com

OMNILOG Phenotypic Microarray

Tl

NaCl 1-10%

S eeee e

Sodium nitrate 3-6% Amm"““s'"/“ sulfate g iene glycol 5-20%

Exposure to nitro-compounds like RDX, TNT contained in unexploded ordnance pose significant risks for people
and the environment due to their toxicity and explosive nature. Bombing sites used for military training activitics
contain considerable amounts of these contaminants. Until 2003 and for more than 60 years, the US Navy used
the castern part of Vieques, Puerto Rico as a bombing range. Since then, leaching of explosive compounds like
RDX from unexploded ordnance represents a serious threat to the marine ecosystem of the arca. The contribution
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Analysis of the bacterial growth on PM 9, shows that the bacterial
isolates can grow in the presence of 1- 4% of NaCl. The presence of
ammonium sulfate and sodium nitrate does not seem to have a toxic effect
on the growth of most of the isolates, contrary to the results seen with
sodium nitrite. Since usually the presence of nitrate, nitrite and
ammonium salts have been known to delay the onset of anacrobic
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Fifteen bacterial isolates in pure culture were isolated from
the different sediment samples. Based on their 165 rDNA
sequence, ﬁve strains were chosen for further analyses.
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Geographic map of the island of Vieques in reference to Puerto Rico and the islands of the Caribbean

This site inherently possesses a promising opportunity for studying the ecology and physiology
of bacteria that have had long-term exposure to explosives in a tropical marine environment.

Characterization of the novel isolates

Since microbes at this location have been exposed to nitro compounds for a long time, Sulfate Electron | Strain | Strain | Strain | Strain
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Optimal growth conditions for the strains were also determined as shown here for strain Vieq Q.
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e [P — Vieq I 75 1.5% 37°C
Vieq P 72 15% 37°C
Vieq Q 72 3% 37°C
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The results show that in general, the isolates withstand the presence of RDX in media amended with upto 1.5% NaCl. No growth

is observed with any strains at 3% salinity. In contrast, they grow with TNT amendment in media containing upto 3% salinity. At
0% (w/v) NaCl, they do not grow with TNT but grow optimally with RDX. Interestingly, in media without any added NaCl,
while all the isolates exposed to RDX grow optimally, no growth is exhibited when exposed to TNT. There appears to be a
correlation between the presence of salt and the effect the specific nitrocompound has on bacterial growth, however, it needs

further detailed analysi
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Preliminary experiments were set up to study the
effect of RDX on the bacterial growth in media
that contains no added nitrogen. Initial results
with strain Vieq Q shows that RDX is probably
not being degraded enough to serve as the sole
nitrogen source. No significant cell number
increase is seen in parallel incubations without
RDX amendments and subsequently, there s no
difference in substrate utilization between the
two treatments over a period of 10 days.

® Several sulfate reducing bacterial isolates were obtained from nitro-compound contaminated marine sediment

samples at the former US Navy gunnery range at Vieques, Puerto Rico.

®Of these isolates five are less than 94% similar to their closest relatives by 16S rDNA analyses and could represent

putative new species.

® Initial characterization shows that all isolates grow optimally at 37°C, and at pH around 7.2-8. Optimal salinity
differed between 0-3%.

®Phenotypic microarray analyses revealed that nitrite is toxic to all isolates, while high concentrations of 80 -100mM

nitrate is not.

®The isolates were tolerant to significant concentrations of TNT and RDX while growing in salt amended media. The

correlation of the MICs of these compounds to the salinity content of the media needs further investigation.

®Preliminary studies are in progress to asses the biodegradation of RDX and TNT by these novel isolates
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